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The  overall  specific  aim  of  the  project  is  to  understand  the  biological 
basis  of  how  information  derived  from  the  body's  motion  in  space  interacts 
with  information  about  visual  landmarks,  to  generate  a  high  level  spatial 
reference  framework  in  the  mammalian  CNS.  A  better  understanding  of 
these  higher  level  systems  for  spatial  orientation  will  ultimately  aid  in  the 
development  of  technologies  for  the  prevention  of  spatial  disorientation 
related  aviation  accidents. 

The  funded  proposal  consists  of  3  main  experiments,  all  of  which 
employ  a  new,  advanced  technology  for  parallel  neuronal  signal  acquisition 
that  was  developed  by  the  P.I.  under  prior  ONR  support.  The  first 
experiment  involves  an  analysis  of  how  large  populations  of  hippocampal 
neurons,  that  are  known  to  code  for  spatial  location,  individually  encode 
specific  landmarks  or  events  of  task  relevance  to  the  organism.  The 
second  experiment  seeks  to  understand  how  trajectories  to  spatial  targets 
might  be  planned  by  means  of  a  vector  subtraction  operation.  SpeciHcally, 
it  involves  the  question  of  whether  impending  spatial  goals  are  transiently 
represented  in  the  hippocampus,  prior  to  the  initiation  of  movement  to 
them.  This  would  enable  an  appropriately  configured  neural  network  to 
perform  a  subtraction  of  a  stored  landmark  vector  from  the  currently 
perceived  one.  Finally,  the  third  experiment  attempts  to  find  evidence  for 
landmark  distance  encoding  cells.  Such  cells  would  complement  the  known 
population  of  head-direction  (bearing)  cells,  and  provide  the  other,  as  yet 
missing,  component  from  which  the  hypothetical  landmark-vector  cells  in 
hippocampus  are  presumably  derived. 

In  the  past  year,  we  have  made  substantial  progress  on  experiment 
1,  developed  a  behavioral  task  appropriate  to  experiment  2  and  obtained 
some  preliminary  data  in  favor  of  its  background  hypothesis.  For 
experiment  1,  we  have  conducted  parallel  recordings  of  hippocampal 
neurons  (463  total)  in  a  modified  version  of  the  Collett  Landmark  Task 
essentially  as  described  in  the  proposal  (see  abstract  by  Gothard  et  al.). 

We  found  clear  evidence  for  different  neurons  in  hippocampus  encoding 
for  specific  objects  (landmarks)  that  were  placed  in  variable  locations  with 
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respect  to  a  fixed  spatial  reference  framework.  These  findings,  which 
confirm  the  hypothesis  that  at  least  some  hippocampal  cells  specifically 
encode  the  animal’s  spatial  relationship  to  particular  objects,  are  being 
prepared  for  publication. 

For  experiment  2,  we  have  begun  with  a  somewhat  simpler  version 
of  the  task  that  was  initially  proposed  in  order  to  improve  the  statistical 
sampling  of  the  data  and  to  speed  up  the  learning  by  the  rat  of  the 
required  task.  The  modified  task  involves  what  is  essentially  a 
rectangular,  squashed,  figure-8,  The  rat's  task  is  simply  to  run  down  the 
central  alley  way  and  go  alternately  to  the  left  or  right  comers  for  food 
reinforcement.  We  look  for  place  cells  with  fields  at  or  near  the  choice 
point  or  near  one  of  the  goals.  The  hypothesis  is  that  there  will  be 
transient  activity  near  the  choice  point  of  cells  representing  the  goal 
locations,  and/or  that  cells  representing  the  choice  point  will  be  transiently 
suppressed  or  show  differential  activity  depending  on  which  direction  of 
turn  is  to  be  made.  We  have  so  far  collected  a  fairly  large  amount  of  data 
on  this  task  from  two  rats.  The  data  are  not  yet  analyzed;  however, 
observations  made  during  the  recording  sessions  suggest  that  at  least  one 
case  of  modulation  of  activity  depending  on  the  goal  was  observed. 

In  the  next  year  of  support,  we  will  complete  and  publish  the 
landmark  representation  studies  of  experiment  1,  Specifically  we  still 
need  to  collect  data  showing  whether  the  cells  representing  relationships 
to  different  landmarks  fire  simultaneously  or  asynchronously  if  the 
landmarks  are  positioned  so  that  the  firing  fields  of  the  two  classes  of  cells 
overlap.  This  question  is  crucial  to  an  interpretation  of  the  computational 
significance  of  the  phenomenon.  We  will  also  collect  and  analyze  most  or 
all  of  the  data  necessary  to  answer  the  questions  posed  in  experiment  2, 
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